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(_) ^;^ff ^H#Sr^^i-^o 
[0 0 4 7] 

[0 0 4 8] 

Rj&«JKt±-5 OTCJftT^ »t L< l±- 7 O'CJ^T-e^^.o SK^f ;V'Jf (- 
[0 0 4 9] 

A/ (-) -7^JVf^ An*., - 5 0- — 7 8TC-C, 3~8l$mJKJS$*a 

.£U <fc <e»u*itffiv»ii«j Lv>„ t fc, 4£JB-f (-) 

-f^S^'Jf'JA/ (-) -*^;vtM ^«flto^fifcjSJS**5Sv»jSt?»* Lv> 

^Tt?firdCfc^ (-) -^;~?;vf 'f '/M^ffi^KC^ t^t 
Lv> 0 
[0 0 5 0] 

v»T, -fi£5t (2) «M»«offiS„ n „t#^o Itl^^v^^^yA^n 

) <aft^*#3 * 0 iOSIW-^ (2) Ofh^Oft^iWjKttlljJROjfeS* 
[0 0 5 1 ] 

xs=xmit, (2) mm*. s *ie 

^S^fefc^T, Rj£fiflEfi5 0-8 CCT?**), SfiL<li60-7 0*01?* 4 a R 
JSiftft** 5 0 t:*St t» * t ELfommifiM <> 80"CSrjSx.&fc 3fc^JWffi5&*1B;T't 4 „ R 
J&lfcKItt, 04 L < ii 1 ~ 3 mfflX&& 0 
[0 0 5 2] 

x ~ ;V -> 9 ib tt^> o 
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[0 0 5 3 ] 

, u >^±o5:#=Sr^#t7ti^^-^ (i) co-ffc^Wbtt^^-e, (i 

[0 0 5 4] 

-asss (i) <Dfc&mi±. (5) 

[M (A) p (B) q]n (5) 

[0 0 5 5] 

Sift* fcoRjfcfc J: »k 5* ( 1 ) ©-fk-ftH»*Effi^-fc LT^ri"^M# 
&K«#fcRfS**-C£j£U £jftLfctt»&K«M*MU J^WWfrJ&RlED*fT$£. 

nv'n, ;i/-r->> A. ? ~j <y a ^ ttz&mx*&2> 0 
[0 0 5 6] 

(5) AliSW^IIt#©SSfi^fict, — (1) «fttK 

7 'J ;V7 - 1 > J 2 - ^ f ;vt 'J ;vr - 1 reffc-^-XSW 1 )^ 0 
JRJS^+T— «5* (1) O-fk^ifeSrBett^tw^r-t-^^^JR^t^L^-rv* 

> codHEUt^.) , /^^tyx^ (JgJL^ n b d t *>IB*1-*) 

. — «5* (5) *K B ^ ilfilit#^ @B£r^- T$ioT, — *s£ (1) (Dit^m t it 

m^L^miL^m^x^y), mutf, 7 7tg^ a^ia^ jweir^, 3*3&« 

7^h^rv;Vi OAcfc^f2«-r^») „ h'j75-h* (MOTf fc&ffi 

[0 0 5 7] 

— JfeSft (5) p i± 0 ~ 2 0^$c£^U qliO~2©ii^U p + qttlELt 

»»Mr*-*o p = 1 Sfcli2©*£\ Mx.J£Rh[ (cod) Cl]af**i 

if^ — ft£ (1) ^Mtlic o d^Et^ICiot, p = 0<DM, WitlfCu 

(oTf) 2 -?**ui\ (1) <Dft&®mm?$m-rz>c\t%<n&mKm®:L 

[0 0 5 8] 

(5) ©W&«$&toW£t-*fiU£&'t'fc. (1) Oik&W* 

[0 0 5 9] 

— asss (1) ©-fk-frwfc-HRs: (5) <r)m&&mnmt, mm^-^KJB^^^E 

-JfeS; (1) o^^fc-^ (5) <&»#&JR»#*Jffi2fc*SinLT, ukjr. 
^^•tf^m^-c^S^Jg^s-^i-s^j*. ffcti^*, — jrs: (1) <D4t&m 
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$Eft-2 0-3 0*C-C**o -2 0 TC5|c»-C** tRJSi&K/& s M< > *fc3 0*C 
[0 0 6 0] 

*3&WK«*»**&JRflMfc{±, (1) (5) <DM®&m$kfc£ 

RIdL, TIB— «£5^ (6) 

[M (A) p (B) q (L) ] (6) 
Sfcl±-«5* (7) 

[Mx (A) r (B) s (L) ] + Y" (7) 

[0 0 6 1] 

-Hfe* (6) <K Ltt— «t=ft (1) ^tfc^tL-Mfc^&^U rf^JRtCKfi£i"4i 
fc£J:«K *2f£IW Sfc, M, A, B, pXVqtttiriB-JRS: (5) ?>3# 

-*fc* (7) + > LttHteS (1) ^frSfraflS^fc^U Yti^#^H#^jE 
mW*#o»£-K, 2*7-*><!:&£ M/tif> IS? yffc**m* (BF4") 

s (pf 6 -) i tz\tty? for (SbF 6 ") tfmfbfi, m 

, a. w b tttwria— «8^5: (5) (omWr^m^hmm.<D^(Difimfhfi^ 0 ttz. xi± 

o 

[0 0 6 2] 

ny^A^t LTti, 0lilf, [RhC 1 (L) ] 2 , [RhBr (L) ]a, [RhI ( 
L) ] 2 , [Rh (OAc) (L) ] 2 , ^*mfZ>Zttfiz%, ;i/f-^Ai§#itLtli, 
tt&WT, [RuCh (L) ] 2 > [R u B r 2 (L) ] 2 > [RuCh (L) (DMF) h> C 
RujCU (L) 2 ]NE tsftfH'iifc^'elSo ;t5^9Ajf#i:L-Cli, tflfctf' 
, [P dC 1 (L) ] 2 . [PdCh (L) ]> [P d (C 2 H 4 ) L]f tflfiifc^l, 
^#tL-C(±. M;Li£> [Cu (OTf) 2 (L) ], [CuCN (L) L [C u I (L) 

[0 0 6 3] 

(6) Sfctt (7) OSg&JKtlfictiU ^ftlO^fe, ttifeAHM^i 

, rfMJsaufrft^wffii 8, «-tt&jRit#j > 5tL#»^i±> 1 9 9 l^Ktm^m 
s^k^n, r*ujK&iMi£WBi 8. mm&mmm , »3 2 7^^i39i,- 

19 9 1^ ; J. Am. Chem.Soc.1994, 116, 4062-4066 fl/r-^$t 

>i3 9i~i4in, ^l#^^±, i 9 9 i^Kfam<a3r&^\ M 
, 14 4 0-14 5 01, A»»s:4rtt, 1 9 9 i^i,ztm<D^m^mfh 

tl&o 

[0 0 6 4] 
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UtOTHFiiSt:, S; ( l ) ©MfcTHF^iiT, iete^&m-f %> - t i 
!K [Rh (*>*n*$r*- i, 5 -^ai>) (L) ] + BF4'^#^^i:#-el^o ^ ( 
1) <Dft&!y!)*mttt LX^-r&ui?t>l*$k®.X-lbZ>Zkl,$, 31 P-NMRMCi^ 

[0 0 6 5] 

-#3*; (6) (7) ie^t-**-^ (1) ^fc^W^f 

6) Sfcli (7) Oil#^Jl#|#:(± N MM^^il7nSlS^^0^^ ^ t^-C#^,o 

[0 0 6 6] 
[0 0 6 7] 

&<te*Lfc2L7 9*artfcT>l':*:'TM-5HHftU idt:t-7f ^*A7-f >012% n- 
■^^yffltiSL 150.2 g (200 mmoDfc, 1, n n :/tt/-?>i8.9 mL (200mmol) fctt^^ 
, ^S^THF lLlr^nLT-78 t3Ki%±PL£ 0 £ O 7 7 * a GC^Td - h v^T^jgl 
.59 mol/L ©n-yf;WJf-7A 277mL(440 mmol) fciraWWCSST L£ 0 RtS«L*-78 
TCT?lB#|SJ«#Lrt:&0 tC#SL, flfe»»5fc9.6 g (300mmol) £— JKtcjbnAfc. Sift"C2 
^FI*#L/cO*>, *&*200mL*&*g|&< m?LXRB*W±Ltz 0 7kJl*#«iU «Jf 
£|fc7ft200mL, l&fP^7X200mLT^^-t, tofcflH*?- 1» U 9 A"CJBfcfcU $&&*S*Lfc 
o »&*L;fciffl» B n q&7/l'$ ^^r-9->^ibS*§ B H H LTBfi<jfc-r^l-t- 
yfJVW7x^^jP7-( K)&*15.6 g#«b*Lrt: 0 W.mUS%X$>vtz 0 

[0 0 6 8] 
Mir*- * 
HjA 120. 0-120. 8t 

X H NMR (CDCh) .51.30 (d , 3 Jhp - 16.4 Hz, 9H), 1.95-2.15 (m, 2H), 2.25-2.65 (m, 

1H), 2.45-2.65 (m, 2H), 2.60-2.80 (m, 2H) 
13 C NMR 514.15 (d, 2 Jcp = 21.1 Hz), 23.86 (d, 2 Jcp =2.7 Hz), 30.97 (d, Jcp = 4 
5.35 Hz), 33.92 (d, Jcp = 34.71 Hz) 
31 P NMR OH decoupled, CDCh) 5 82.07 (s) 
IR (KBr) 2960, 1462, 1362, 945 ,718, 678 cm" 1 
HRMS fftttt ( C7H15PS (M + )) 162.0632, 162.0631 
[0 0 6 9] 

<l-**7t- h-l-t-7*f;V-*^7x^>OM> 

^<^L7t3L77^3|*l : SrT;v=f>-e+^fi^L, £ £ fct-:/*-/!'** 7 4 ^^10.6% 
n-^3r^>Y#?& 172 g (200 mmoDfc, 1,3-i?? U u :7°n/N°>l8.9 mL (200mmol) £ ik&fr 
> 1.5 Li: mtJU LX -78 X:K^mLtz 0 i©7 7* a (:|To - h Zm^xm. 

S2.45 mol/L On-7*f ;V'Jf >7A 171 mL(420 mmol) £2B#P^j"C?i§T Lfco RJfcifcfc 
«#Lfc5&*S>3li#IHIWa) rtc#^L, J&&1.13 mol/L^**7^--r > 7H K07?> 
@#Ofh7tKn7 7^}Sl95 mL(220mmol)1-Jinx.^:o 0 TJT?lP#Wil#L M 
7jc200mL^^^<]tJpxT^jS : S:ffihL7to Tk/f £7>$tL, » ift^c200 mL, 1 mol/L 

ttSMc»«tl00 mL. f&fO:£:&7k200mLT&i£U m&foWLi- h U ^ A-CBfcdcLfco #<b*L 
feffl«a*«ffT^SLl-#9f— h-l-t-y^;v*X7^^ >3&*16.7 g#«btL/co JR. 
^{±58%T'*o^o 
[0 0 7 0] 
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91-93 tV6 mmHg 

l HNMR (CDCh) 5 0.67 (br q , Jhb = 95.3 Hz, 3H), 1.22 (d, 3 Jhp = 14.0 Hz, 9H), 1 
.95-2.10 (m, 2H), 2.15-2.30 (m, 2H), 2.30-2.45 (m, 1H), 2.45-2.65 (m, 1H) 
13 C NMR 5 18.00 (d, Jcp = 38.5 Hz), 18.14 (d, 2 Jcp = 17.4 Hz), 24.5 (d, 2 Jcp = 3 
.8 Hz), 28.4 (d, Jcp = 19.24 Hz) 

31 P NMR (1H decoupled, CDCh) £65.8 (q, Jpb = 51.3 Hz) 
GCMS 143 (M-H) + 
[0 0 7 1 ] 

<(1R,1R , ,2R,2R')-1, l'-^-t-rf-;V[2,2 , ]-^*^7x^-;V 1, l'-S?*;V7 4 h°<D& 

X <^#L/c300 mL 2P75^3 W7J^>iKU HiLK^V ^y^fflV^^^JV 
x-f >8.44 g (36 mmolK Mv^T^^--r;W0 mL£ UUx.xmW-f & o 
9 y-;W^-e-78 s-BuLi (36 mmol)£v"J yytlnx-lHWl^o - 

©77^nt;, » 1 t*M Lfcl-t-Zf JV-*X 7 x ^ > l-7;V7-r K4.87 g (30 m 
mol) £]&7k h ;l^>30 mL«$£L*:^$i£, Rj£z&J3e&-78 riC^o^J t flTFn- b 
*m^XlNx.tz 0 rSTB#F^{ilB#F^t?*o^ 0 t^TH-T^ -78 "CKT5B# mmWLtzfe 
, ^b^l6.05 g(45 mmol)^— ffitCJo^/io 7 9 X a &2B# HfljWtTMfcBi Lfc^ £ <b 
^MS"C12B#ram#L^o at^»Tft. 150 mL<7)25% 7 >*-7**tnx.TRjS*flfiLL 
x $e>t-ftlft^>H00mL4:lHIx.T5'iftL.feo 7jcJf fcfjsBfea^/noO mLT-3|IIffii±5 £ 
*5X 7^-7, 2MHCK #fc*c. 77-0^1^ i»*iKt h V 

vh^ 7 7-f-(y'j*^ ^^r-9->/i^m^^^= 5 : i ) xmm-r *> t it^ts&fc t 
* vifco tfmo% <d m.^ ■?» ttitzo - «m *77yya^nvh^77^-( 

v'J7j^;K A^f>/7^hy=5 : l)-CJR|»LT3fe^jWlK95X eetf)jfe3*i&14# ! S:*&30 
Wt*t#/:o i^«r»Bft^f-^J: 0 4iIW#&fiL, £490 ng©#^>MlK99% eeJ^l 

[0 0 7 2] 

*H NMR (CDCh) 5 1.30 (d , 3 Jhp = 17.0 Hz, 18H), 1.95-2.15 (m, 4H), 2.25-2.50 (m 
, 2H), 2.55-2.75 (m, 2H), 3.60-3.84 (m, 2H) 

13 C NMR 5 19.53 (dd, 21.7 Hz, 18.0 Hz), 24.3 (s), 25.85 (dd, Jcp = 47.2 Hz, 1.8 
Hz), 35.41 (dd, Jcp = 34.2 Hz, 2.5 Hz), 38.02 (dd, Jcp = 44.7 Hz, 2 Jcp =6.8 Hz) 
31 P NMR (1H decoupled, CDCh) 5 90.29 (s) 

IR (KBr) 2970, 2947,2364, 1460, 1366, 896, 808, 708, 646 cm" 1 
HRMS tfM-$i (C14H29P2S2 (M+H + )) 323.1186, M^M 323. 1198 
Tumfrtir ftJfflt (&4H28P2S2) : C, 52.15; H, 8.75.38j&(it: C, 52.24; H, 8.80. 
[«] 25 d -160° (95% ee, c 0.99, CHCh) 
[0 0 7 3] 

<(1S,1S',2R,2R')- l,l'-y^7t- h-l, r-y-t-7f;V[2,2']-y*X7xr/0^ 

i <S£*Lfc300 mL 2P7 7^3t+^-7;^>iftL, HifeflJ 2 -CftofcLfcl-stf? 
Y~l-t-Zf^-)\y-^^7 jL^y 4.32 g (30 mmol) *jt&A,tz 0 C ©7 7 * 3 K v U > 5? £ 
fflv^^^Vf^f V8.44 g (36 mmol). >Rv>Tf£«|i- x ;W0 mLfcinx-T^Lfco £ 
K 9 4 7 -f */* * ^ -;W** t?-78 ^ H^iP^. s-BuLi (36 mmol) £ V V > 5> 
T?i9>o< «JJnix.fco ttTttTfc, -78 tJKT3l$Hltt#L;fc8L ^b#P96. 05 g(45 mmol)£ 
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«£#ifcT3^ 150 mL?>25% 7 >*-7**;ta£TKJ&«:fltjLU $ KB^J^HOOmL 
«rinx.Tfi**Lfeo 7fc«£Mtx^;vi00 nrt/e3lMtiiU £*>fc*Pl»S*5* 7>*- 
7, 2MHCK l£7k> ^9>f^-C*iMfe, ^TfcW^- b U S A"e*fc;JcUft*fiLfco 
77'r>a^DVf^77>f-(y'J*y^ ^ = 20 I l)"efili!lU 

^ibtt^^K^^M^^^v^ibs^^ lt. g&t-r&i- £(is,is\2r,2R')- 1,1 

■C*ofco iOBWWt*9^HPLC(^^-fc^ OD-H, ^if-> : 2-^n^v -;v = 99 : 
U 0.5mL/min, UV 210 nm) ^jfe^fcfcE£«lJ5eLrt: £ £ 100% eet?*ofco 
[0 0 7 4] 

ltt£ 147-149*C 

*H NMR (CDCh) 5 0.60 (br q , Jhb = 106.0 Hz, 6H), 1.23 (d, 18H), 1.64-1.81 (m, 
2H), 1.96-2.20 (m, 4H), 2.30-2.62 (m, 2H), 3.10-3.34 (m, 2H) 
13 C NMR 5 13.74 (d, Jcp = 39.8 Hz), 22.84 (dd, 2 Jcp = 13.1 Hz, 2 Jcp = 15.5 Hz), 
24.89 (d, 3 Jcp = 3.1 Hz), 29.64 (d, Jcp = 16.8 Hz), 32.15 (d, Jcp = 34.2 Hz) 
31 P NMR (1H decoupled, CDCh) 5 67.8-69.9 (m) 

[0 0 7 5] 
HWJ5 

< (1S,1S',2R,2R')- 1, l , -y-t-7f)K2,2']-y*X7xr^M> 
7^^f>fSMTlOO mL 2P7 9*3 + K:(1R,1R* > 2R.2R , )-1, l , -y-t-yf-^[2.2 , ]-5?* 
K7^?-)V l,V-V*)V7 4 K 129 mg (0.4 mmol) 4rft*CL;fc«a*'«V-tf ^8 mLH^ 
MLtZo CC0"7v^ 3^1.56 g (5.8 mmol)<7)^^nn>^>7 >*Jnx.fco RJ&ifcfc3 
R#F^M^t^ 0 TCfclfrajLfco ^^^iPL/c^ vX3lC30% *Bfrffc*- h V 7 

« W T~50 tlcMLi^Lfco tH« «r V U > y "Ctfe g H I) , «r flfc^ 

•CfS n n „^#/; 0 ^tL^^ttr;^5 t"*7 AT-«^LT78 mg<7>(lS,lS',2R,2R')- 1, 1 
' - y-t- )V [2, 2' ] - V * * 7 * * > 4- # £ o tt75%T?*ofc 0 % blitz \t # 

[0 0 7 6] 

<[DV-)A(I) ((1S,1S\2R,2R')- 1, l'-y-t-ZfiKU']--;*^?!^)!;^*' 

7/l/^>^IT, Sfc<^«^Tif <b*L£(lS,lS\2R,2R')- 1, V-V-t-zr^-)Vi2,Z'^-V 
W7xr/ 78 mg(0.3mmol)£'THF 4nLfci£»L;fco £<D»ifc*0 t;«iPL/;[ny7 
A (I) (yV ;v*>ty*i^)]f f 7 7 n n ^ 102 mg (0.27 mmol) hTHF lOmLWJK 

mfaZS mLCO^^f-;i/cr.-x;Ve2|5J^L, «JE«»Lfco £OfflR&&4>*OTHFJ: »> 
[0 0 7 7] 

31 P NMR (1H decoupled, CDCh) 5 114.90 (d, JpRh = 147 Hz) 
[0 0 7 8] 

* Vm&WL*** 219mg (lmmol)t, MIWt^Lfcay^Aftfel 1 mg (0.002 m 
mol) £tt&A,f£ 0 Kfe&M^frfcfcmif*-?W.Wk\^tz<D*>, }• ? V-y*<D^ v 7 * 
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7>f ^-.x^y-jWWcftLT^ipU KJS*rt*H^3l# U *S52r*(22tEE)-e:/ 

$ ^7^HPLC(^>f -fe;i/0D-H, : 2--/n^v = 9 : i)-ca-#fLfc 0 53- 

*fOj»*, #<oti-7tjl7G#liKJ^iR^99%m±> 3t^j»JR 96.8%T*ofc 0 

[0 0 7 9] 
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